A Chroma-based Tempo-insensitive Distance Measure for Cover Song Identification using the 2D Autocorrelation Function by Jensen, Jesper Højvang et al.
   
 
Aalborg Universitet
A Chroma-based Tempo-insensitive Distance Measure for Cover Song Identification
using the 2D Autocorrelation Function
Jensen, Jesper Højvang; Christensen, Mads Græsbøll; Jensen, Søren Holdt
Publication date:
2008
Document Version
Publisher's PDF, also known as Version of record
Link to publication from Aalborg University
Citation for published version (APA):
Jensen, J. H., Christensen, M. G., & Jensen, S. H. (2008). A Chroma-based Tempo-insensitive Distance
Measure for Cover Song Identification using the 2D Autocorrelation Function. Abstract from Fourth Music
Information Retrieval Evaluation eXchange, Philadelphia, United States.
General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
            ? Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            ? You may not further distribute the material or use it for any profit-making activity or commercial gain
            ? You may freely distribute the URL identifying the publication in the public portal ?
Take down policy
If you believe that this document breaches copyright please contact us at vbn@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.
Downloaded from vbn.aau.dk on: May 01, 2017
A CHROMA-BASED TEMPO-INSENSITIVE DISTANCE MEASURE FOR
COVER SONG IDENTIFICATION USING THE 2D AUTOCORRELATION
FUNCTION
Jesper Højvang Jensen
Aalborg University
Dept. Electron. Syst.
jhj@es.aau.dk
Mads G. Christensen
Aalborg University
Dept. Electron. Syst.
mgc@es.aau.dk
Søren Holdt Jensen
Aalborg University
Dept. Electron. Syst.
shj@es.aau.dk
ABSTRACT
In the following, we describe the refined version of our 2007
cover song identification algorithm [3] submitted for the 2008
MIREX cover song identification task. The refined algo-
rithm is faster and has higher recognition performance than
the original version.
1 INTRODUCTION
The MIREX cover song identification task was introduced
in 2006 and has since been quite popular. In 2007, we intro-
duced a cover song detection algorithm using features that
were insensitive to changes in instrumentation, tempo and
time shifts. If it had attended the 2006 cover song detection
contest, it would have performed on par with the winner,
despite being much faster. However, in 2007 standards had
increased tremendously, leaving our algorithm on a fourth
place of eight contenders. Our 2008 algorithm uses the same
principles as our 2007 algorithm but is even faster and per-
forms slightly better on the covers80 data set [1]. The source
code of the algorithm is available as part of the Intelligent
Sound Processing toolbox 1 .
2 FEATURE EXTRACTION
It is assumed that a song and its cover versions share the
same melody, but might differ with respect to instrumenta-
tion, time shifts, tempo and transpositions. The extracted
feature is therefore designed to be insensitive to time shifts
and changes in instrumentation and tempo. Feature extrac-
tion comprises the following steps:
1. Compute the chromagram, c(1)s (n), s ∈ {0, · · · , 11}
and n ∈ 0, · · · , N , from the sampled song using the
This research was supported by the Intelligent Sound project, Dan-
ish Technical Research Council grant no. 26–04–0092, and the Parametric
Audio Processing project, Danish Research Council for Technology and
Production Sciences grant no. 274–06–0521.
1 http://isound.es.aau.dk/
code from [2]. The value c(1)s (n) is the power of semi-
tone s at time n. As the chromagram primarily cap-
tures melodic information, it is somewhat insensitive
to differences in instrumentation.
2. To reduce the influence of peaks, compute c(2)s (n) =
|c(1)s (n)|0.7.
3. To remove any DC offset, filter all c(2)s (n) by the high-
pass filter h(n):
c(3)s (n) = c
(2)
s (n) ∗ h(n) (1)
4. In order to obtain a representation insensitive to tem-
poral alignment and key, we compute the 2D autocor-
relation function R(4)(m, k):
R(4)(m, k) =
11∑
s=0
N∑
n=0
c(3)s (n)c
(3)
s+m mod12(n+ k).
(2)
This step is different from last year’s submission. Back
then we computed the power spectrum of each indi-
vidual c(3)s (n) to avoid alignment problems.
5. By summing the values of the autocorrelation in 16
exponentially distributed bands, Bl, we obtain a rep-
resentation that is insensitive to different tempi (see
[3]):
R(5)(m, l) =
N∑
k=0
R(4)(m, k)Bl(k), l ∈ {0, . . . , 15}
(3)
6. Finally, we normalize R(5)(m, l):
R(6)(m, l) =
R(5)(m, k)√∑11
m′=0
∑16
l=0R
(5)(m′, l)2
(4)
We end up with a 2-D function R(6)(m, l) where m ∈
{0, . . . , 11} and l ∈ {0, . . . , 16}, i.e., with 12 · 17 = 204
different values.
Participant Num. correct Time (sec.)
CL1 1056 281487
CL2 1073 281352
EL1 1762 136469
EL2 1781 435240
EL3 1778 434712
JCJ 763 3648
SGH1 2422 373370
SGH2 2116 373371
Table 1. Results for the MIREX 2008 Audio Cover Song
Identification. The maximum possible number of identified
cover songs is 3300. Our algorithm is denoted JCJ. The
CL1 and CL2 algorithms ran on different computers than the
other algorithms, so execution times should be taken with a
grain of salt.
3 DISTANCE COMPUTATION
The similarity between two songs, sij , where the songs are
represented by the features R(6)i (m, l) and R
(6)
j (m, l), re-
spectively, is given by
sij = max
d∈−1,0,1
11∑
m=0
∑
l
(R(6)i (m, l+d)−R(6)i (m, l))2. (5)
The corresponding distance measure, dij , is given by dij =
2− sij . It obeys the triangle inequality.
4 EVALUATIONS
The covers80 dataset [1] consists of 80 titles each in two
different versions, i.e., a total of 160 songs. With this set,
a song’s nearest neighbor was the cover version in 36% of
the cases for our 2007 submission. For the 2008 edition, ac-
curacy has increased to 48%. However, as parameters have
been tweaked using this dataset, some degree of overtrain-
ing is inevitable. On a 1.86 GHz Intel Core 2 CPU using
only a single core, feature extraction on average took less
than 2 seconds per songs for the covers80 data set.
The MIREX 2008 Audio Cover Song Identification re-
sults are shown in Table 1, where it is quite obvious that our
algorithm by far has the lowest performance and by far is
the fastest.
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